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(54) Composite electronic coatings 

(57) The present invention provides a method of 
forming composite coatings on electronic substrates 
and the substrates coated thereby. The method com- 


prises applying a coating comprising a polysiiazane and 
a refractory fiber on an electronic substrate and then 
heating the coated substrate at a temperature sufficient 
to convert the polysiiazane into a ceramic. 
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lenc™ Al 2 0 3 -Zr0 2 fibers with a diameter of 20 microm- 
eters manufactured by Du Pont™ and designated 
"PRD-166" carbon fibers such as those sold by Hitco™ 
and aramide fibers sold under the tradename "KEV- 
LAFT™ by DuPont™ 5 

The refractory fibers used herein are chopped into 
short lengths for ease in coating. Any fiber length which 
can be manipulated into the desired coating is used 
herein Generally, the lengths are less than 1 centimeter 
with lengths in the range of between 10 micrometers to to 
10 millimeters being preferred 

The amount of refractory fibers used in the present 
invention can also be varied over a wide range depend- 
ing, for example on the characteristics desired in the 
final coating. Generally, however, the refractory fibers is 
are used in an amount less than 90 volume percent to 
insure that enough resin is present to bind the refractory 
fibers Obviously smaller amounts of fibers (e.g.. 1-5 
vol%) can also be used. Preferred are fiber volumes in 
the range of between 25 and 80%. 20 

If desired, other materials may also be present in 
the coating composition For instance, it is within the 
scope of the present invention to use a material which 
modifies the surface of the fiber for better adhesion or 
for better release. Typically, such agents are included in 25 
amounts from 0.1 to 5 wt%. Such materials can include, 
for example, silanes such as g lye 1 doxy p ropy It n met h ox - 
ysilane, mercaptopropyltnmethoxysilane and vmyltnac- 
etoxysilane. Similarly, it is within the scope of the inven- 
tion to include suspending agents in the coating compo- 30 
sition These and other optional components are known 
to those skilled in the art. 

According to our invention, the polysilazane. refrac- 
tory fibers and any optional components are applied to 
the surface of an electronic substrate. The surface of 35 
the electronic substrate can be bare (is. no passiva- 
tion) or the circuit can have a passivation. Such passi- 
vation can be, for example, ceramic coatings such as 
silica, silicon nitride, silicon carbide, silicon oxynitride 
and silicon oxycarbide. deposited by, for example, CVD. 40 
PVD or sol-gel procedures. Such passivation is known 
to those skilled in the art. Likewise, the circuit can be 
pre or post interconnected. 

The coating composition can be applied in any man- 
ner, out a preferred method involves dissolving the -*t> 

poiysiiH/ane in h soivRni nnri then dispersing ihe fibpr 

and any optional components therein. This dispersion 
is next applied to the surface of an electronic substrate 
Various facilitating measures such as stirring and/or 
heating may also be used to dissolve or disperse the so 
polysilazane and fiber and to create a more uniform ap- 
plication material Solvents which may be used include 
any agent or mixture of agents that will dissolve the 
polysilazane and disperse the fiber to form a uniform liq- 
uid mixture without affecting the resultant coating ss 
These solvents can include for example aromatic hy- 
drocarbons such as benzene or toluene, alkanes such 
as n-heptane or dodecane: ketones alcohols: esters: 


ethers, and cyclic dimethylpolysiloxanes in an amount 
sufficient to dissolve/disperse the above materials to the 
concentration desired for application Generally the sol- 
vent is used to form a 0 1 -50 weight percent mixture 
preferably 1 -50 wt°o 

If a liquid method is used, the liquid mixture com- 
prising the polysilazane refractory fiber solvent and 
any optional components is then mated nnto the sub- 
strate The method of coating can be. but is not limited 
to. spin coating, dip coating, spray coating or flow coat- 
ing Other equivalent means, however, are also deemed 
to be within the scope of this invention. 

The solvent is then allowed to evaporate from the 
coated substrate resulting in the deposition of the 
polysilazane and refractory fiber coating Any suitable 
means of evaporation may be used such as simple air 
drying by exposure to an ambient environment by the 
application of a vacuum or mild heat (e g . less than 
50°C ) or during the early stages of the heat treatment 
It is noted that when spin coating is used, the additional 
drying period is minimized as the spinning drives off the 
solvent. 

Although the above methods primarily focus on us- 
ing a liquid approach, one skilled in the art would recog- 
nize that other equivalent means such as melt deposi- 
tion would also function herein 

The polysilazane is then typically converted to the 
ceramic by heating it to a sufficient temperature. Gen- 
erally, the temperature is in the range of 50 to 1000°C 
depending on the pyrolysis atmosphere. Preferred tem- 
peratures are in the range of 50 to 800°C , and more 
preferably 50-500°C. Heating is generally conducted for 
a time sufficient to ceramify. generally up to 6 hours, with 
less than 3 hours being preferred. 

The above heating may be conducted at any effec- 
tive atmospheric pressure from vacuum to superatmos- 
phenc and under any effective oxidizing or non -oxidizing 
gaseous environment such as air, 0 2 , an inert gas (N 2 . 
Ar, etc.), ammonia, amines, moisture. N 2 0 and hydro- 
gen. 

Any method of heating such as the use of a convec- 
tion oven, rapid thermal processing, hot plate or radiant 
or microwave energy is generally functional herein The 
rate of heating, moreover, is also not critical, but it is 
most practical and preferred to heat as rapidly as pos- 
sible 

By the above methods, a ceramic coating is pro- 
duced on the substrate The thickness of the coating can 
vary over a wide range (e.g., up to 500 micrometers). 
These coatings smooth the irregular surfaces of various 
substrates (i e planarizmg) they are relatively defect 
free, they have excellent adhesive properties, they pro- 
vide mechanical and electrical protection and they are 
opaque Moreover, the fibers provide added strength 
and toughness to our coatings 

Additional coatings may be applied over these coat- 
ings if desired These include, for example Si0 2 coat- 
ings. SiO^'ceramic oxide layers, silicon containing coat- 
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ings silicon carbon containing coatings silicon nitrogen 
containing coatings, silicon oxygen nitrogen coatings 
silicon nitrogen carbon containing coatings, organic 
coatings, silicone coatings and/or diamond like carbon 
coatings Methods for the application of such coatings 
are known in the art and many are described in US-A 
4.756.977. An especially preferred coating is silicon car- 
bide applied by the chemical vapor deposition of siiacy- 
clobutane or tnmethylsilane This process is further de- 
scribed in US-A 5.011 706 

The following non-limiting examples are included so 
that one skilled in the art may more readily understand 
the invention 

Example 1 
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ic fiber and aramide fiber 

The method of claim 1 or 2 wherein the coated sub- 
strate is heated at a temperature in the range of be- 
tween 50°C and 1000°C for less than 6 hours 

The method of any of claims 1 to 3 wherein the coat- 
ing composition aiso contains a material which 
modifies the surface of the refractory fiber for better 
adhesion of the ceramic 

The method of any of claims 1 to 4 wherein the coat- 
ing composition also contains an amount of an 
agent effective to improve the suspension of the fib- 
er in the coating composition 


Hydridopolysilazane resin. 2 g. produced by the 
method of US-A 4.540.803, 1 g of silicon carbide whisk- 
ers from Tateho Chemical Industries Co Ltd (0.5 x 
15-20 micrometers). 0 4 g of glycidoxypropyltnmethox- 
ysilane and 2.5 g of cyclic polydimethylsiloxanes were 
mixed with a sonic probe to form a coating solution. An 
11.25 cm 2 alumina panel was coated with the solution 
by using a 75 micrometer drawdown bar. The coated 
panel was air dried for 3 hours and then pyrolyzed for 2 
hours at 400°C in air The pyrolyzed coating was ex- 
amined with a microscope and found to have no cracks 
at 1000x magnification The coating thickness was 22.3 
micrometers. 

Example 2 
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6. The method of any of claims 1 to 5 wherein the fiber 
is present in the coating composition in an amount 
less than 90 volume percent 

7. The method of any of claims 1 to 6 wherein the 
polysilazane is selected from the group consisting 
of hydridopolysilazane. methylpolydisilylazane and 
polyborosilazane 


Borohydridopolysilazane restn 2 g : produced by 
the method of US-A 5,169,908, 1 g of the above silicon 
carbide whiskers, 0.4 g of glycidoxypropyltrimethoxysi- 
lane and 2.0 q of cyclic polydimethylsiloxanes were 
mixed with a sonic probe to form a coating solution A 
similar alumina panel was coated with the solution by 
using the same drawdown bar. The coated panel was 
air dried for 3.5 hours and pyrolyzed for 1 hour at 400°C. 
in air. The pyrolyzed coating was examined with a mi- 
croscope and also found to have no cracks at 1000x 
magnification. The coating thickness was 18.2 microm- 
eters 
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Claims 

1. A method of forming a composite coating on an 
electronic substrate comprising applying a coating so 
composition comprising a polysilazane and refrac- 
tory fibers onto the electronic substrate and heating 

the coated electronic substrate at a temperature 
sufficient to convert the polysilazane into a ceramic 

55 

2. The method of claim 1 wherein the refractory fiber 
is selected from the group consisting of carbon, sil- 
icon carbide, silicon nitride, aluminum oxide organ- 
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(54) 

Composite electronic coatings 



(57) The present invention provides a method of 
forming composite coatings on electronic substrates 
and the substrates coated thereby. The method com- 


prises applying a coating comprising a polysilazane and 
a refractory fiber on an electronic substrate and then 
heating the coated substrate at a temperature sufficient 
to convert the polysilazane into a ceramic 
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